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1 

DISPLAY SCREEN COMPRISING A PLURALITY OF LIQUID CRYSTAL CELLS AND PHOTOCELLS 



The inveation relates to a display screen comprising a plxirality of cells. The 
invention also relates to a display system having a display screen comprising a plurality of 
cells and to a set of display screens. 



US 5,612,798 discloses a display device comprising liquid crystal 
material and an array of photocells. A scanning laser scans the array of photocells, thereby 
illuminating each photocell to a different degree. In dependence on tiie illimiination each 
photocell accumulates charge, thereby generating an electrical field, which influences the 

10 polarization of the liquid crystal material near the photocell. In combination with a polarizer, 
the material near the photocell forms a pixel which is able to modulate light, originating from 
a light source and passing through the pixel, in dependence on the electrical field After the 
laser scanner has scanned a photocell, the charge gradually dissipates. As a result the pixel 
modulates light in dependence on the intensity of the illumination. When repetitively 

15 scanning the photocell coupled to the pixel, the amount of modulation depends on the charge 
remammg from a previous scannmg operation. This effect reduces the image quality. It is a 
disadvantage of the display device that the image quality is not optimal because the amount 
of modulation depends on the charge remaining from a previous scanning operation, 

20 

It is a firet object of the invention to provide a display screen of the kind 
described in the opening paragraph, which enables a modulation of light by a pixel as a result 
of an optical display signal, which is relatively independent of a preceding optical display 
signal. 

25 It is a second object of the invention to provide a display system of the kind 

described in the opening paragraph, which enables a modulation of light by a pixel as a result 
of an optical display signal, which is relatively independent of a preceding optical display 
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It is a third object of the invention to provide a set of display screens of the 
kind described m Ihe opening paragraph, which enables a modulation of light by a pixel as a 
result of an optical display signal, which is relatively independent of a preceding optical 
display signal. 

5 The first object is realized in that each ceU comprises a pfacel for modulation of 

light from a light source, a photosensitive device for converting optical display signals into 
an electrical signal to control the modulation by the pixel, a storage capacitance coupled in 
parallel to the photosensitive device and a storage reset switch for providing a storage reset 
voltage to the storage capacitance. The electrical signal of the photosensitive device 

10 discharges the storage capacitance in dependence on the optical display signals and controls 
the modulation by the pixel. After providing a storage reset voltage via the storage reset 
switch to the storage capacitance, a substantially well-defined voltage is present across the 
capacitance. So, optical display signals received by the photosensitive device after the storage 
reset voltage has been provided, result in a modulation by the pixel starting fi-om the 

1 5 substantially well-defined voltage across the storage capacitance and therefore result in a 
substantially well defined modulation. 

A cell may comprise more than one pixel, while each pixel in this cell may be 
coupled to one or more photosensitive devices. Alternatively, a cell may comprise more than 
one photosensitive device, while each photosensitive device m this cell may be coupled to 

20 one or more pixels. 

It is advantageous if the storage capacitance is formed by a parasitic 
capacitance of the pixel, and the pixel is coupled in parallel to the photosensitive device. No 
extia capacitor is required, which results in a simple and cost-effective embodiment. By 
means of the storage reset voltage the pbcel may be put into a substantially light blocking 

25 state. Thereafter, m dependence on the intensity of the optical display signals, the . 

photosensitive device gradually discharges the storage capacitance, thereby reducing the 
voltage across the pixel. As a result, in dependence on the characteristics of the pixel, the 
modulation by the pixel gradually changes fi"om blockmg the light firom the light source to 
partially transmitting, or reflecting, the light So, the pixel becomes gradually brighter. 

30 The pixel may comprise any type of liquid crystal material. Such a liquid 

crystal pixel may be of a transmissive type, which is capable of modulating light transmitted 
through the pixel, or of a reflective type, which is capable of modulating the reflection of 
light falling onto the pixel. It is advantageous if the pixel comprises Super Twisted Nematic 
Liquid Crystal material. This material has a relatively steep transmissioiirversus- voltage 
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characteristic. This reduces the voltage range required across the pixel to vary the modulation 
from blockmg to full transmission. As a result, the required amount of charging and 
discharging of the parasitic capacitance of the pixel by the photosensitive device is reduced. 
This means that by using the mentioned liquid crystal material, the requirements on the 
5 eflSciency of the photosensitive device or the intensity of the optical display signal are 

reduced. The requirements may further be reduced by the use of liquid crystal materials that 
have a relatively low dielectric constant and/ or have a relatively large cell gap. 

In one embodiment storage reset means are present for applying a storage reset 
signal to each storage reset switch of a number of the plurality of cells to put each pixel of the 
10 number of tiie plurality of cells in a substantially light-blocking state. A number of the 

plurality of cells may be located in any way, for sample the number may comprise the cells 
in an upper part or a lower part of tiie screen, the cells of one or more rows, the cells of one 
or more columns or cells of a particular type, for example of a particular color. 

The storage reset signal may be ^plied repeatedly, for example, at tiie start of 
15 a frame period of the optical display signals. As a result, the storage capacitance is charged to 
a voltage causing the pixel to be in a light blocking state. During the remainder of the frame 
period the photosensitive device discharges the capacitance in dependence on the optical 
display signals received by the photosensitive device. If the photosensitive device receives 
optical image signals during a large part of the frame period, then the corresponding pixel 
20 becomes gradually brighter during that frame period. Before a next image is displayed during 
a next fi^e period, the storage reset signal is applied again. In this way moving images, 
formed by a sequence of unages at a rate equal to the frame rate, may be displayed on the 
sa%en. As the pixels become gradually brighter during a frame period, they are perceived as 
providing a pulsed light output, which reduces motion blur problemis. 

In one embodiment each of the plurality of cells further comprises a driver 
cmsuit coupled between the photosensitive device and the pixel, while the storage 
capacitance is formed by a storage capacitor. The driver circuit may be adapted to generate a 
desired level of the electrical signal applied to the pfacel, so the amount of modulation of the 
light by the pixel in response to the optical display signals received by the photosensitive 
device is less restricted by the characteristics of the pixel and the photosensitive device. So, 
the pixels may, for example, comprise liquid crystal material which has a less steep 
transmission-versus- voltage characteristic, while providing an improved grey scale, a wider 
viewing angle or other performance improvements. 
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4 

In each cell the driver circuit may comprise a drive transistor having a control 
tenninal and a first and a second main terminal, the storage capacitor havmg a first and a 
second terminal, the first termuial of tiie storage capacitor being coupled to the control 
terminal of the drive transistor, and the first main terminal of the drive transistor being 
5 coupled to the pixel. The drive transistor operates as a current source which charges or 

discharges the pixel. If the pixel comprises a liquid ciystal layer, the drive transistor charges 
or discharges this layer. 

In each cell the second main tenninal of the drive transistor may be coupled to 
a fust supply voltage, and the second terminal of the storage capacitor may be coupled to a 

10 reference voltage. Such an arrangement allows selecting the operating range of the 

photosensitive device, which is coupled in parallel to the storage capacitor, independently of 
the first supply voltage. 

In a variation of the embodiment, each cell fiirther comprises a pfacel reset 
circuit coupled between the first main terminal of the drive transistor and flie pfacel. The pixel 

1 5 reset circuit resets the pixel, for example by resetting the voltage across the pfacel to a value at 
which tb& pfacel substantially blocks the light from tiie light source. By means of this resetting 
the pfacel is brought to a predefined state, which means that any modulation by the pixel after 
the resetting is substantially independent of the history of the pixel. 

In each cell the pixel reset circuit may comprise a first transistor and a second 

20 transistor, each having a control terminal, a first main terminal and a second main terminal, 
the first main terminal of the first transistor being coupled to the first main terminal of the 
drive transistor, the second maui tenninal of the first transistor and the second transistor 
being coupled to the pixel, the control termmals of the first transistor and the second 
transistor being coupled to receive a pixel reset signal, and the first mam terminal of the 

25 second transistor bemg coupled to receive a pixel reset voltage. The pfacel reset curcuit applies 
the pfacel reset voltage to the pixel m dependence on the pixel reset signal. While the pfacel 
reset voltage is coupled via the second transistor to the pixel, the first transistor blocks the 
current flow fi-om the drive transistor to the pixel. So, any current originating fi-om the drive 
traosistor during the resetting, does not disturb the resetting of the pixel. 

30 It is advantageous if the display screen fiirther comprises pixel reset means for 

providing the pfacel reset signal to each pfacel reset circuit of a number of the plurality of cells 
for putting each pixel of the number of the plurality of cells m a substantially light-blocking 
state; and storage reset means for applying a storage reset signal to the first tenmnal of each 
storage capacitor of tiie number of the plurality of cells, substantially synchronously with the 
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pixel reset signal, for substantially turning off the drive transistor. In this event, 
simultaneously the number of the plurality of cells is reset, by resetting the voltage across the 
storage capacitor as well as the voltage across the pixel. 

The photosensitive device may be selected from a poly-Silicon 
5 phototransistor, an amorphous-Silicon phototransistor and a PIN diode. The photosensitive 
device may also be a poly-Silicon phototransistor or an amorphous-Silicon phototransistor 
coupled as a diode by a connection between the control electrode and a main electrode. 

The display screen of the invention may have a front side for delivering light 
modulated by each pixel of the plurality of cells, each photosensitive device of the plurality 
10 of cells being adapted to receive the optical display signals from a source positioned at a side 
of the screen facing away from the front side. Applying rear projection has the advantage that 
the source of the optical display signals is hidden behind the screen. 

Alternatively the screen may be arranged for front projection, the 
photosensitive device bemg located at the front side. Front projection and rear projection may 
1 5 be applied in combmation witih pfacels of the transmissive type or pixels of the reflective type. 

It is advantageous if each photosensitive device of the plurality of cells of the 
screen of the invention is adapted to receive optical display signals of non-visible light. By 
applying a source, which generates optical display signals outside the visible light spectrum, 
interference between the optical display signals and visible light modulated by the pixels in 
20 the screen is avoided. Moreover, such a screen is not sensitive to ambient lighting conditions. 

The second object is achieved in that the display system comprises a display 
screen as described before and an optical image source for transmittmg optical display 
signals to the photosensitive devices. 

The optical image source may be selected from a projection device and a laser 

25 scatmer. 

In one embodiment the pitch of the cells of the screen is smaller than tiie pitch 
of the picture elements of a highest resolution image which tiie optical unage source is 
cqjable of projecting on the screen. In this embodiment the optical image source may 
generate any format unage from a low resolution up to the highest resolution. The display 
30 screen is then capable of reproducing each of the picture elements of tiie highest resolution 
image projected on tiie screen. If an image witii a resolution lower tiian the highest resolution 
is projected on the screen, then several cells are available for each picture element for 
generating the light corresponding to tiiat picture element In tiiis case, if one of tiie several 



wo 2004/114266 



PCT/IB2004/050977 
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cells would fail, then only the brightness contribution of the cell that failed will be lost in the 
light for reproducing that pixel demaat 

The third object is achieved in (hat the display screens of the set of display 
screens are arranged adjacent to each other in a tiled pattern. As each display screen has only 
5 a small number of connections, this number bemg m the order of less than 1 0, it is relatively 
easy to intereonnect corresponding connections of a set of displays. Due to this small nvunber 
of connections it is also relatively easy to align display screens in a tiled pattern adjacent to 
each other. 



10 

These and other aspects of the screen and system of the invention will be 
fiirther elucidated and described with reference to the drawmgs, in which: 

Figs. 1 A to IC show block diagrams of embodiments of a cell applied in the 
display screen according to the invention; 
1 5 Fig. ID shows a block diagram of an embodunent of the display system 

according to the invention; 

Fig. 2 shows a transmission chaiacCeristic of a pixel comprising liquid crystal 

material; 

Fig. 3 shows a more detailed schematic diagram of an embodiment comprising 
20 a cell 2 as shown in Fig. 1 A; 

Fig. 4 shows waveforms of the diagram of Fig. 2; 
Fig. 5 shows a more detailed schematic diagram of anotiier embodiment 
comprising a cell 2 as shown m Fig. 1 A; and 

Fig. 6 shows waveforms of the diagram of Fig. 5. 

25 

The same references in different Figs, refer to the same signals or to elements 
performing the same function. The embodiment of a cell 2 applied in the display screen 
according to the invention as shown in Fig. 1 A comprises a photosensitive device D and a 
30 pixel P. The photosensitive device D receives optical display signals Li, for example from an 
optical image source. The optical display signals Li, which may be formed by light within or 
outside the visible spectrum induces a photo-current in the photosensitive device D. The 
electrical signal I, which changes the transmission or reflection of the pixel P, may be formed 
by the photocurrent, or may be obtained by amplification of the photocurrent As a result, the 
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pixel P modulates light originating from a light source (not shown) in dependence on the 
electrical signal I, which in turn depends on the external control signal Li. 

In Fig. IB an embodiment of a cell 2 is shown comprising several 
photosensitive elements Dl, D2, D3, D4. These photosensitive elements Dl, D2, D3, D4 are 
5 connected to one pixel P. Alternatively (not shown), one or more of the photosensitive 
elements Dl, D2, D3, D4 may be coimected to one or more driver circuits A, while each 
driver ckcuit A is coupled to the pixel P. 

In Fig. IC an embodiment of a cell 2 is shown comprising a photosensitive 
device D and several pixels PI, P2, P3. Each of these pixels PI, P2, P3 is modxilated by the 
1 0 photo-current of the photosensitive device D. 

The display system 6 shown in Fig. ID comprises a display screen 5 and an 
optical image source 3. The display screen comprises a display panel 1, storage reset means 
SRM for providing a storage reset signal SRS and pfacel reset means PRM for providing a 
pixel reset signal PRS. Both reset means SRM, PRM may be dedicated hardware circuits, 
15 such a signal generators, but may also be comprised in timing and control circuitry providing 
waveforms with an appropriate timing and amplitude. Alternatively, a processor may perform 
the function of both reset means SRM, PRM. 

The display panel 1 comprises a pliuality of cells 2 arranged in a matrix of 
rows and columns. The panel 1 does not require any row or column electrodes as each cell 2 
20 is addressed via an external optical image source 3. For this reason, the cells 2 may be 

arranged in any arbitrary configuration, so apart from a configuration in rows and colmnns, 
also other configurations like, for example, radial, diagonal or circular configurations may be 
applied. The cells 2 may also have a large variety of shapes. The panel 1 has connections for 
receiving the storage reset signal SRS and the pixel reset signal PRS. Moreover, the panel 1 
25 has connections for receiving voltages: 

a reset voltage VR, 

a first supply voltage VI, 

a second supply voltage V2, which may be ground and 
a pixel reset voltage VPR 
30 The panel 1 may also have an additional connection for receiving a reference 

voltage Vref. 

Hie reset signals, the voltages and the reference voltage Vref if present, are 
coupled to each cell 2 of the panel 1 . 
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Each cell 2 receives corresponding optical display signals Li from the source 
3. Via the photosensitive device D in a cell 2 the optical display signals Li are converted into 
the electrical signal I. The pixel P in tiiat cell 2 modulates light originating from a light 
source 4. This may be done in a known manner, in which a voltage change across a layer of 
5 liquid crystal material changes the polarization of light transmitted through, or reflected by, 
the liquid crystal layer. In combination with a polarizer the change of polarization results in a 
change of the intensity of the light transmitted through the combination of the liquid crystal 
layer and the polarizer. An example of a transmission curve is given in Fig. 2. The curve 
shows the percentage of light transmission (TP) as a function of the voltage (VP) across the 

10 pixel P. In the curve shown the pixel blocks the light from a light source, so is non- 

transmissive, when the voltage VP across the pixel is 5V or larger. Between voltages VP of 
2V to 5V the transmission varies between 100% and 0%. In flie voltage range -2V < VP< 2V 
the pfacel is transmissive, while in the range from -2V to -5 V the pixel becomes gradually 
non-transmissive again. So, the operating range may lie in the range from -2 V to -5 V or in 

1 5 the range from +2V to +5 V as indicated by the arrows in Fig. 2. 

Fig. 3 shows a more detailed schematic diagram of an embodiment comprising 
a cell 2 as shown in Fig. 1 A. The diagram comprises the photosensitive device D coupled m 
parallel to the pfacel P having a first terminal and a second terminal. The pbcel P in this 
embodiment comprises a layer of liquid crystal material. The storage capacitance is formed 

20 by the parasitic capacitance across the liquid crystal layer of the pixel P. The first terminal of 
the pixel P is coupled via the main terminals of a storage reset switch SR to a reset voltage 
VR. A control terminal of the storage reset switch is coupled to receive the storage reset 
signal SRS from the storage reset means SRM. The second terminal of the pixel P is coi^led 
to the first supply voltage VI. The electrical signal I is in this embodiment formed by a photo 

25 current generated by the photosensitive device D and discharging the pfacel P. 

The operation of the cell 2 will be explamed below with reference to flie 
waveforms as a function of time t as shown in Fig. 4. 

During a reset time mterval TR the reset switch SR is closed by the storage 
reset signal SRS, as mdicated by a high level of the reset signal RS. Via the reset switch SR 

30 the storage reset voltage VR, which may be a fixed voltage, is coupled to the first terminal of 
the pixel P. As a result, the control voltage VD at the first terminal of the pixel P will quickly 
reach the level of the reset voltage VR. The reset voltage VR is in this embodiment lower 
than the first supply voltage VI . For example, for a pixel with a transmission curve as shown 
in Fig. 2, the storage reset voltage may be selected to be 5V lower than the first supply 
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voltage VI . During the display time interval TD the optical display signals Li received by the 
photosensitive device D result in a photo-current, indicated by an arrow I in Fig. 3, which 
discharges the storage capacitance formed by the pixel P. When no optical display signals Li 
are received, the storage capacitance is not discharged, so the control voltage VD remains 
5 constant and the transmission TP remains substantially 0%, as mdicated by the curves "Li=0" 
in Fig. 4. When the optical display signals Li conrespond to a maximum level Lmax, the 
storage capacitance is substantially completely discharged during the drive time interval TD, 
resulting in the curves of the control voltage VD and the transmission TP indicated by 
"Li=Lmax". When the optical display signals Li correspond to a level in between zero and 
10 the maximum level Lmax, the storage capacitance is partially discharged during the drive 
time interval TD, resulting in the curves indicated by "0<Li<Lmax". 

So, the level of light Lo transmitted by the pixel P is proportional to the optical 
display signals LL A display screen 5 equipped with such cells 2 displays a positive image of 
an image projected on tiie screen by the source 3. 
1 5 Fig. 5 shows a more detailed schematic diagram of another embodiment 

comprising a cell 2 as shown in Fig. 1 A. The mam differences with respect to the diagram 
shown in Fig. 3 are: 

The storage capacitance is formed by a separate storage capacitor C having a 
first terminal coupled to a reference voltage Vref different fi*om the first supply voltage VI, 
20 while the photosensitive device D is coupled in parallel to the storage capacitor C. 

The pixel P is coupled in series with the driver circuit A, which in this 
embodiment comprises a drive transistor DT. The drive transistor DT has a first and a second 
main termmal and a control terminal. The storage c^acitor C has a second terminal coupled 
to the control terminal of the drive transistor DT. The first main termmal of the drive 
25 transistor DT is coupled to the first s\5)ply voltage VI . 

The second main terminal of the drive transistor DT is coupled via a pixel 
reset circuit PRC to a first terminal of the pixel P. The pbcel P has a second termmal coupled 
to a second supply voltage V2, which may be ground. 

Pixel reset means PRS are present for providing a pixel reset signal PRS to the 
30 pixel reset circuit PRC. 

The pbcel reset circuit PRC comprises a fu^ transistor Tl and a second 
transistor T2, each transistor Tl, T2 having a first terminal, a second terminal and a control 
terminal. The first mam terminal of the first transistor Tl is coupled to the first mam termmal 
of the drive transistor DT, the second main terminal of the first transistor Tl and the second 
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transistor T2 are coupled to the first terminal of the pixel P, the control terminals of the first 
transistor Tl and the second transistor T2 are coupled to receive the pixel reset signal PRS, 
and the furst main terminal of the second transistor is coupled to receive the pixel reset 
voltage VPR. 

5 The operation of the embodunent of the cell 2 shovm in Fig. 5 will be 

explained below with reference to the waveforms as a fimction of time t as shown m Fig. 6. 

During a reset time interval TR the storage reset switch SR is closed by the 
storage reset signal SRS, as indicated by a high level of the storage reset signal SRS. Via the 
storage reset switch SR the storage reset voltage VR, which may be a fixed voltage, is 
10 coupled to the second terminal of the storage capacitor C. As a result, the control voltage VD 
at the control terminal of the drive transistor DT will quickly reach the level of the storage 
reset voltage VR. The storage reset voltage VR is preferably substantially equal to the first 
supply voltage VI, while the reference voltage Vref is preferably lower than the first supply 
voltage VI. 

1 5 Preferably during the same reset time interval TR the pixel reset curcuit PRC 

blocks any current originathig &om tiie drive transistor DT and resets the voltage across the 
pbcel P to such a value that the transmission curve of the pixel is at a level of 0% 
transmission. This may be achieved by a voltage of +5V or -5V as illustrated in Fig. 2. In this 
embodunent the pixel reset voltage VPR may be selected to be -5V, if the second supply 

20 voltage is selected to be OV. The pixel reset signal PRS has preferably substantially the same 
timing as the storage reset signal SRS, so as to substantially synchronously reset the storage 
capacitor C and the pixel P. When the pixel reset signal PRS activates the pixel reset ckcuit 
PRC, the first transistor Tl is brought to a blocking state, thereby preventing the current fi-om 
the drive transistor DT to influence the voltage across the pixel P, while the second transistor 

25 T2 is brought to a conducting state, thereby transferring the pixel reset voltage VPR to the 
pixel P. 

During the drive time interval TD the optical display signals Li received by the 
photosensitive device D result in a photo-current, mdicated by an arrow m Fig. 5, which 
discharges the storage capacitor C. When no optical display signals Li are received, the 
30 storage capacitor C is not discharged, so the control voltage VD remains constant, indicated 
by the curve "Li=0". When the optical display signals Li correspond to a maximum level 
Lmax, the storage capacitor C is substantially completely discharged during the drive time 
mterval TD, resulting in the curve indicated by "Li=Lmax". When the optical display signals 
Li correspond to a level in between zero and the maximum level Lmax, the storage capacitor 
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C is partially discharged during the drive time interval TD, resulting in the curve indicated by 
"(KLKLmax". 

During this drive time interval TD a current IL flows through the drive 
transistor DT and the pixel P. This current IL depends on the control voltage VD. In case 
5 Li^Lmax, the control voltage VD gradually decreases to a minimum value, which may be the 
reference voltage Vrefi during the drive time interval TD. As a result, the current IL increases 
gradually to a maximum value, resulting in the transmission cxuve of the pixel P reaching its 
maximum transmission. So a maximum level of light Lo is transmitted through the pixel. In 
case Li=0, the control voltage VD is at its maximum value, being in this example the first 

10 supply voltage VI and remains at that value during the remainder of the drive time interval 
TD. As a result, the current IL remains zero and the pixel P does not generate light Lo. 

In case 0<Li<Lmax, the control voltage VD decreases gradually to an 
intermediate value between the reset voltage VR and the first supply voltage VI during the 
drive time uiterval TD in dependence on the control signal Li. As a result, the current IL 

1 5 gradually increases to an mtermediate value during tiie drive tune interval TD, so the pfacel P 
transmits an mtermediate level of light Lo. 

So the level of light Lo transmitted by the pixel P is proportional to the optical 
display signals Li. A display screen 5 equipped with such cells 2 displays a positive unage of 
an image projected on the screen by the source 3. 

20 As a wide range of levels of the electrical signal I may be applied as a result of the gain of 
the driver circuit A, thereby permitting the use of a low-brightness image source 3 to project 
the optical display signals Li on the panel 1 in order to generate an image with a high 
brightness. 

As an alternative to the embodiment of Fig. 5 the pixel reset cuxjuit may be 
25 omitted. In this case the driver chcuit A should be provided with an additional transistor, 
which enables the discharging of the pixel P. Furthermore, as the pixel P is no longer reset 
between two successive images, the driver circuit A should receive a control voltage VD 
which represents a difference between the pixel voltage VP corresponding to a current image 
to be displayed and the pixel voltage VP corresponding to the previous image, 
30 It should be noted that the above-mentioned embodiments illustrate rather than 

limit the mvention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. Use 
of the verb "comprise" and its conjugations does not exclude the presence of elements or 
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steps other than those stated in a claim. The article "a" or "an" preceding an element does not 
exclude the presence of a plurality of sudi elements. The invention may be implemented by 
means of hardware comprising several distinct elements, and by means of a suitably 
programmed computer. In the device claim numerating several means, several of these 
5 means may be embodied by one and the same item of hardware. The mere fact that certain 
measures are recited in mutually different dependent claims does not indicate that a 
combination of these measures cannot be used to advantage. 
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25 



CLAIMS: 



1 . A display screen (5) comprising a plurality of cells (2), each cell (2) 

comprising: 

a pixel (P) for modulation of light from a light source (4); 
a photosensitive device (D) for converting optical display signals (Li) into an 
5 electrical signal © to control the modulation hy tiie pixel (P); 

a storage capacitance coupled in parallel to the photosensitive device (D); and 
a storage reset switch (SR) for providing a storage reset voltage (VR) to the 
storage capacitance. 

10 2. A display screen (5) as claimed in claim 1 , tiie storage capacitance being 

formed by a parasitic capacitance of tiie pixel (P), and tiie pixel (P) being coupled in parallel 
to the photosensitive device (D). 

3. A display screen (5) as clauned m claun 2. flie pixel (P) comprising Super 
1 5 Twisted Nematic Liquid Crystal material. 

4. A display screen (5) as claimed in claim 2, in which storage reset means 
(SRM) are present for providing a storage reset signal (SRS) to each storage reset switch 
(SR) of a number of tiie plurality of ceUs (2) to put each pixel (P) of tiie number of tiie 

20 plurality of cells (2) m a substantially light-blocking state. 

5. A display screen (5) as claimed m claim 1, each of the plurality of cells (2) 
furtiier comprising a driver circuit (A) coupled between tiie photosensitive device (D) and tiie 
pbcel (P), the storage capacitance bemg formed by a storage capacitor (C). 



6. A display screen (5) as clauned in claim 5, in each ceU (2) tiie driver circuit 

(A) comprising a drive transistor (DT) having a control terminal and a first and a second 
main termmal, tiie storage capacitor (C) having a first and a second terminal, tiie first 
terminal of tiie storage capacitor (C) being coupled to tiie control terminal of tiie drive 
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transistor (DT), and the first main terminal of the drive transistor (DT) being coupled to the 
pixel (P). 

7. A display screen (5) as clauned in claim 6, in each cell (2) the second main 
5 terminal of the drive transistor (DT) being coupled to a first supply voltage (VI), and the 

second terminal of the storage c^acitor (C) being coupled to a reference voltage (VreQ. 

8. A display screen (5) as claimed in claim 7, each cell (2) further comprising a 
pbcel reset circuit (PRC) coupled between the first main terminal of the drive transistor (DT) 

10 and the pixel (P). 

9. A display screen (5) as claimed in claim 8, in each cell (2) the pixel reset 
circuit (PRC) comprising a filrst transistor (Tl) and a second transistor (T2X each having a 
control teraunai, a first main terminal and a second main terminal, the first main terminal of 

IS the first transistor (Tl) being coupled to the first main terminal of the drive transistor (DT), 
the second main terminal of the first transistor (Tl) and the second transistor (J2) being 
coupled to the pixel (P), the control terminals of the first transistor (Tl) and the second 
transistor (T2) being coupled to receive a pixel reset signal (PRS), and the first main terminal 
of the second transistor being coupled to receive a pixel reset voltage (VPR), 

20 

10. A display screen (5) as claimed in claim 9, finther comprising pixel reset 
means (PRM) for providing the pixel reset signal (PRS) to each pixel reset circuit (PRC) of a 
number of the plurality of cells (2) for putting each pixel (P) of the number of the plurality of 
cells (2) in a substantially light-blocking state; and storage reset means (SRM) for applying a 

25 storage reset signal (SRS) to the first terminal of each storage capacitor (C) of the number of 
the plurality of cells (2), substantially synchronously with the pixel reset signal (PRS), for 
substantially turning off the drive transistor (DT). 

11. A display screen (5) as claimed in claim 1 , each photosensitive device (D) of 
30 the plurality of cells (2) being adapted to receive optical display signals (Li) of non-visible 

light 
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12. A display system (6) comprising a display screen (5) as claimed in claim I, 

and an optical image source (3) for transmitting optical display signals (Li) to the 
photosensitive devices (D). 

5 13. A display system (6) as claimed in claim 12, the optical image source (3) 

being selected from a projection device and a laser scanner. 

14. A set of display screens (5) as claimed in claim 1, the display screens (5) being 

arranged adjacent to each other in a tiled pattern. 



10 




FIG. IB 



wo 2004/114266 



PCT/IB2004/050977 



2/6 



2 




FIG. 1C 



wo 2004/114266 



PCT/IB2004/050977 




FIG. 1D 



wo 2004/114266 



PCT/IB2004/050977 





FIG. 3 



wo 2004/114266 



PCT/IB2004/050977 



5/6 



SRS 




FIG. 4 




wo 2004/114266 



PCT/IB2004/050977 




INTERNATIONAL SEARCH REPORT 



•-"---latlonal Application No 

rur/IB2004/050977 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G09G3/00 G02F1/135 



Aocorxflng to International Patent Classtfteatlon (IPG) or to both nallonal classlflcallon and IPC 



B. RELDS SEARCHED 



Minimum documentaiion searched (classification system followed by classification symbols) 

IPC 7 G096 G02F 



Documentaiion searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the Intematlonal search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC, COMPENDEX 



C. DOCUAdENTS CONSIDERED TO BE RELEVANT 



Categoiy Citation of document, with indication, where appropriate, of the relevant pass^es 



Relevant to dalm No. 



us 5 612 798 A (TULI RAJA S) 

18 March 1997 (1997-03-18) 

column 3, line 17 - column 4, line 68; 

figures 1-3 

EP 1 220 191 A (SAMSUNG SDI CO LTD) 
3 July 2002 (2002-07-03) 
paragraphs '0004!, '0005!, '0019!, 
'0024!, '0028!, '0031!; figure .5 

US 2003/111965 Al (MCCLELLAND PAUL H ET 
AL) 19 June 2003 (2003-06-19) 
paragraphs '0032! - '0034!; figure 7 

US 2003/025458 Al (TULI RAJA SINGH) 
6 February 2003 (2003-02-06) 
paragraphs '0005! - '0009!, '0030!; 
figures 5,6,10 

-/- 



I- 4, 

II- 14 



I- 4. 

II- 14 



11 



1-14 



Further documents are listed in the continuation of box 0. 



ID 



Patent family members are listed In annex. 



^ Special categories of dted documents : 

'A" document defining the general state of the art which Is not 

considered to be of particular relevance 
'E* earlier document but published on or after the International 

filing date 

"L' document which may throw doubts on priority claim(s) or 
which Is cited to establish the publication date of another 
dtatlon or other special reason (as specified) 

'0* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prbr to the intemalionai filing date but 
later than the priority dale claimed 



T' later document published after the Intemationai fUIng date 
or priority date and not In confUct with the application but 
ctted to understand the prindpte or theoiy underlying the 
Invention 

'X' document of particular relevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step vk/hen the document Is taken alone 

•V document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or mors other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completton of the Intemalionai search 



27 August 2004 



Date of mailing of the international search report 

06/09/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentiaan Z 
NL-2280HVRI|swqk 
TeL (431-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (-fSI-TO) 340-3016 



Authorized officer 



Kunze, H 



Fbnn PCT/ISMSIO (second sheet) (January 20O4) 



INTERNATIONAL SEARCH REPORT 



»"»»»«aUonaI Application No 

. - ./IB2004/050977 



C^ConttnuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categsiy ■ CitaHon of documsnl, wHh Indlcatkm, where appropriate, of the relevant passages 



Relevant to dabn Na 



FR 2 652 185 A (THOMSON CSF) 

22 March 1991 (1991-03-22) 

page 1, Une 1 - page 2, line 4; figure 3 



1-14 



Foim PCT/ISA/210 {continuation of second sheet) (Januafy 20O4) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 


* * ational Application No 

r%.i/IB2004/050977 


Patent document 
dted In search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



us 5612798 A 18-03-1997 NONE 



EP 1220191 A 03-07-2002 KR 2002056353 A 10-07-2002 

CN 1361510 A 31-07-2002 

EP 1220191 A2 03-07-2002 

JP 2002215096 A 31-07-2002 

US 2002118150 Al 29-08-2002 



US 2003111965 


Al 


19-06-2003 


EP 


1324602 A2 


02-07-2003 








US 


2004090396 Al 


13-05-2004 


US 2003025458 


Al 


06-02-2003 


US. 


2003102809 Al 


05-06-2003 


FR 2652185 


A 


22-03-1991 


FR 


2652185 Al 


22-03-1991 



Fbim PCT/ISA/21 0 (^ent fami^ amax) {January 2004) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



